Gamma-radiation chromosomal interchanges are induced in the "Cachirulo" hexaploid triticale to analyze the spatial arrangement of wheat and rye genomes in the somatic nuclei. The frequencies of wheat-wheat, wheat-rye and rye-rye dicentric chromosomes observed fit a random distribution. While the centromeres of different genomes may be separate in space, the arms of the wheat and rye chromosomes are, in general, randomly disposed within the nucleus.
INTRODUCTION
Spatial arrangement of chromosomal sets which constitute the chromosome complement of an organism has been analyzed in allopolyploid species (common wheat, Feldman and Avivi, 1973a, b; Avivi et a!., 1982) , in interspecific hybrids (Hordeum xSecale, Finch et al., 1981) and in diploid species (human, Coll et a!., 1980; barley, Bennett, 1982) . In all the cases, a tendency of genomes to occupy different areas of the somatic nuclei seemed to be inferred.
On the other hand, evidence for a specific chromosomal arrangement in the interphase nuclei has been inferred from the analysis of both spontaneous (Jancey and Walden, 1972; Jancey, 1975; Walden and Jancey, 1976) and induced translocations (Sax, 1940; Evans and Bigger, 1961; Kumar and Natarajan, 1966; Werry eta!., 1977; Kaina eta!., 1979) .
In the present paper gamma-radiation chromosomal interchanges are induced in triticale in order to analyze the spatial arrangement of wheat and rye genomes.
MATERIAL AND METHODS
Seeds of "Cachirulo" hexaploid triticale (2n =6x = 42, genome constitution AABBRR) were used. Seeds were germinated on wetted filter paper in Petri dishes for 48h at room temperature and subsequently exposed to a continuous gamma-rays source of 60Co (00803 Mrad/h) at 1 and 2 Krad doses.
Root-tips were excised 20 h and 48 h after irradiation and immersed in tap water at 4°C for 48 h in order to shorten the chromosomes. After that the root-tips were fixed in 1: 3 acetic ethanol.
Cytological preparations were made by squashing in a drop of 45 per cent acetic acid. Metaphase plates were observed and photographed under phase contrast in order to identify clearly the number and position of 377 centromeres. After that the same metaphase plates were analyzed by using the C-banding technique described by Giráldez et a!., (1979) . The Cbanding pattern of wheat chromosomes (A and B genomes) is quite different from that of rye chromosomes (R genome). C-bands are preferentially telomeric in rye chromosomes and pericentromeric and scattered throughout the chromatids in wheat chromosomes ( fig. 1 ). For this reason it is possible to distinguish between the three different types of chromosomal interchanges, namely, wheat-wheat (W-W), wheat-rye (W-R) and rye-rye (R-R).
For the sake of accuracy, asymmetrical interchanges-that is to say, dicentric chromosomes-were only taken into consideration since the Cbanding patterns of wheat and rye chromosomes can give rise to monocentric interchanges which are difficult to identify.
As indicated above, the number and position of centromeres were determined by phase contrast, which facilitates the detection of wheat dicentrics in which the centromeres were very close.
RESULTS
The three different types of dicentric chromosomes (wheat-wheat, wheat-rye and rye-rye) produced by asymmetrical interchanges are shown in figs. 2 and 3. Table 1 gives the frequencies of dicentrics and chromosomal two contingency chi-square tests were not significant the values were pooled.
The comparison of the observed total values with those expected on the basis of a random distribution is shown in table 2. Significant differences were not found. The probability values for each class are indicated below:
Wheat-wheat interchange =
(2)/(4) = 044
Wheat-rye interchange =28 x I4/(') = 045
Rye-rye interchange = (14)/(42)
Wheat chromosome breakage = 28/42 = 067 Rye chromosome breakage = 14/42 = 033. 4. Discussior'i From the results obtained it can be deduced that an increase in the dose of radiation results in an increase in the total frequency of dicentric chromosomes without modifying the relative frequencies either of the type of interchange (W-W, W-R, R-R) or of chromosomal breakage in wheat and rye chromosomes (table 1) . These results are in agreement with those obtained in rye inbred lines (Cermeiio et as!., unpublished).
On the other hand, observations at increasing intervals after the exposure to radiation (48 instead of 20 hours) show a decrease in the total frequencies of dicentric chromosomes but show no change either in relative frequencies of the types of interchanges (W-W, W-R, R-R) or of chromosomal breakage in the wheat and rye chromosomes. So, it seems that cellular selection against chromosomal interchanges produces homogeneous effects.
From table 2 it can be deduced that the three different types of dicentric chromosomes (W-W, W-R, R-R) are induced according to a random pattern. This fact seems to be contrary to the assumption that different genomes are, relatively, separated from one another in the somatic nuclei (Finch et a!., 1981; Bennett, 1982; Avivi eta!., 1982) . If the genomes were separated within the nucleus the expectation would be that wheat-wheat and rye-rye dicentric chromosomes should appear more frequently than expected at random.
However, a plausible explanation can be afforded assuming that the arrangement of chromosomes in the nucleus is determined by their centromeres. So, in the interphase nucleus the uncoiled chromosome arms hang from their respective centromeres which are arranged on a ring in the cell pole (Avivi and Feldman, 1980; Avivi eta!.,1982) .When interphase nuclei are irradiated the interchanges occur at random between uncoiled chromosome arms which are intermingled filling the nuclear space even though the centromeres display a specific pattern of arrangement (Bennett, 1982; JOdar eta!., 1983) .
In conclusion our results indicate that while the centromeres of different genomes may be spatially separated within the nucleus the arms of the chromosomes during early interphase (when the nuclei were irradiated to produce chromosome breakage) are disposed more or less at random.
